Introduction, Material and Methods
The fibrous or fascial apparatuses in the human orbit are said to have been observed already in the 18th century by Zinn (1755), Portal (1770), etc. Tenon (1805 -printed in 1806-) was however the first who described them minutely and precisely ; so the bulbar fascia is still now called " the capsule of Tenon ". Since then this capsule and other fibrous apparatuses in the orbit have, because of their clinical importance, continuously attracted notice of many scholars, who were anatomists, pathologists, physiologists, eye surgeons, etc., and many papers have been published on this subject. The voluminous article of Hesser (1913) reviewed their historical details elaborately. Among the recent papers are such as written by Whit n all (1932), Scobee (1948), Wolff (1954) , etc..
Being engaged in the anatomical study of the human extrinsic eye muscles, the present writer happened to be attracted to the fibrous structures in question. So he repeated to dissect and observe carefully several pairs of human orbits together with their contents. In addition to the macroscopic observations, microscopic slides were examined, too. Hematoxylin-eosin staining and Weiger t's etastica staining were used for the latter. At the same time, he made a ten-times large model of the right human eyeball as well as its muscles. This model, a kind of the ophthalmotrope, was useful for examining the detailed movements of the eyeball.
Although the writer's anatomical observations turned out to be almost the same as those of at least some of the progenitors, he got some suggestions which might be deemed of service for increasing the functional-anatomical understanding of these interesting and complicated structures in the human orbit.
H. Hosokawa Anatomical Sketches
The fascial structures in the orbital cavity may be conveniently regarded as comprising several systems. The writer likes to describe them beforehand, with considerable simplifications and some amplifications, when necessary. (Figs. 1 & 2) (1) The periorbita is the orbital periosteum which lines the bony walls of the orbit. While it is applied to the bones closely, it can be stripped off with comparative ease.
(2) The septum orbitale or the orbital septum is a membraneous projection from the borders of the orbital opening, where it is continuous with the periorbita. The -palpebral end of this septum blends with the anterior surface of the superior and inferior tarsi.
(3) The medial and lateral palpebral ligaments are tendinous bands which enforce the medial and lateral portions of the orbital septum. The former, the stronger and denser one, attaches the medial ends of the tarsi to the upper part of the anterior lacrimal crest, while the lateral one extends between the lateral ends of the tarsi and a tubercle on the zygomatic bone. The orbital septum and the palpebral ligaments form in this way a kind of diaphragm-diaphragma orbitae-at the entrance of the orbital cavity. (4) The corpus adiposum orbitae or the orbital fat fills the intervening spaces within the orbit. It may be divided into the internal and external parts : the former is inside the cone formed by the extrinsic eye muscles, while the latter is outside this cone. The fat is lobulated and the lobules are separated by many fibrous lamellae projecting from the periorbita, the fascial sheaths of muscles, the Tenon's capsule as well as from the dural sheath of the optic fasciculus.
(5) The capsula bulbi or the Tenon's capsule is a thin, fascial membrane which envelops the scleral part of the eyeball. It is separated from the surface of sclera by the sPatium cirumbulbare or the Tenon's space. This space is traversed by slender fibrous bandlets that attach the capsule to the sclera. Posterior end of the capsule blends with the sclera around the root of the optic fasciculus , while its anterior end adheres to the sclera just behind the corneal border .
Where the Tenon's capsule is penetrated by the tendons of Recti muscles around the equator of the eyeball, it reflects backward on each of the muscles and ensheaths them to some extent. These vaginal processes of Tenon's capsule are called fasciae musculares (see below) , which divide the Tenon's capsule into the anterior and posterior portion.
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The posterior portion of Tenon's capsule covers the hinder part of the eyeball and separates the latter from the orbital fat behind, even though there are many fibrous connections between the capsule and the mesh-like connective tissues separating the fat lobules. This portion is a thin, transparent membrane and becomes thinner and thinner as it approaches the root of the optic fasciculus. Ciliary nerves and vessels as well as the choroidal vessels penetrate this portion before they reach the bulbus. ' The anterior portion of Ten on's capsule is considerably thick and encircles the bulbus from the equator to the corneo-scleral boundary. In front some of its fibres spread to the subconjunctival tissue of the fornix.
Microscopic studies show that the Tenon's capsule contains considerable amount of elastic fibres. Its internal surface is not furnished with mesothelial lining.
(6) The fasciae musculares or the fascial sheaths of muscles are, as mentioned above, vaginal processes of the Tenon's capsule and ensheath the distal portions of the Recti muscles. About one-third of each muscle is enclosed within the sheath and the posterior two-thirds are extrafascial. Needless to say, the intrafascial spaces are continuous with the circumbulbar space of Tenon. Where the fascia ends, it is attached to the muscle belly intimately and its fibres blend with the perimysium.
Since the Recti muscles as well as their fascial sheaths are flattened in shape, each sheath can be regarded as composed of two laminae, the anterior and posterior. The " external " and " internal " may be more appropriate. The internal or posterior lamina is thinner than the anterior or external one. It is however thicker and denser than the posterior portion of the Tenon's capsule. Where the internal lamina reflects backward on the bulbus to blend with the Tenon's capsule, a small, acute-angled labium is formed and pillows the bulbar insertion of each muscle. The external or anterior lamina is a thick, firm membrane and continues forward, without any marked boundary, to the anterior portion of the Tenon's capsule.
The fascial sheath of the Levator palpebrae superioris is a little different from those of Recti muscles and has no direct connection with the Tenon's capsule, its external and internal lamina attaching respectively to the orbital septum and to the upper border of the superior tarsus. There is however a conjoint fiber bundles between the sheath of the Lev. palp. sup. and that of the superior Rectus. (Fig. 3) The oblique muscles have not so prominent sheaths.
Laterally, each of the sheaths of Recti muscles spreads out and blends with that of the adjacent one, forming thus a web-like membranes in between the Recti muscles. They are fairly thick and dense, being called intermuscular membranes (intermuskulare Faserzilge). The circumbulbar space of Tenon is well developed under this girdle and its inner surfaces facing each other are fairly smooth, although they are still not furnished with the mesothelial lining. Furthermore, the fibre bandlets traversing the circumbulbar space are rather few in this area. All of these facts show apparently that the girdle allows considerable freedom of the eyeball.
This girdle-like structure has not been payed much attention by the progenitors, excepting Hess e r (1913) who happened to refer to " einen machtigen Bindegewebsring , der den Bulbus in der Aquatorialebene umschliesst ". Although this is not such a structure as independent anatomically from surrounding tissues, the writer likes to call it " cingulum bulbi " or " bulbar girdle". Its important significance from the functional-anatomical viewpoint will be amplified upon later.
(7) The medial and lateral check ligaments (Retinacula oculi) have been described as fibrous expansions from the sheaths of the Recti medialis and lateralis, being attached to the lacrimal and zygomatic bone respectively. (Figs. 3, 4 & 6) 1' Each of them is, as noticed by Scob ee (1948), too, not a single band but is composed by several dense bundles containing many elastic fibres. It may be better said that these check ligaments attach the medial and lateral portions of the bulbar girdle to the bony walls of the orbit.
Functional-anatomical
Remarks Various kinds of functions have been presumed and ascribed to the connective tissue apparatuses in the orbit by many authors. Among those presumptions it is popular that the Tenon's capsule plays the role of the socket for the ocular movements. The check ligaments have been thought to be responsible for two different functions ; one is to alter the direction of the muscles and to prevent them, when in action, from pressing on the globe (Tenon, etc.). The other function is, as its name indicates, to limit the contraction of the medial and lateral Recti muscles and to prevent them from rotating the eyeball too much (Sappey-1876-, Howe-1907-, Merkel K allius.-191(}-, etc.). The suspensory ligament of the eye, which was described and named by Lockwood (1885) , is thought to support the eyeball just in the manner that a hammock supports a sleeping baby.
The present writer has no intention to discuss about all of those functions stated by the progenitors. Merely he likes to mention some suggestions which he got from his anatomical observations as well as from his model experiments. For the time being, his main interest concerns the following question.
Where is the socket for the ocular rotations? It is accepted generally that the ocular rotations can be regarded as enarthrodial movements. In other words the eyeball is deemed to rotate in a socket just like in case of an enarthrosis or a ball-and- socket joint. Although this presumption is popular and apparently plausible, it is easy for everybody, if he thinks a little further, to notice a great difference between the enarthrodial movements and the ocular rotations.
In the former case the articular head moves in a bony socket which is very stable, while in the latter such a concrete socket does not exist.
As mentioned already, the Tenon's capsule has been regarded vaguely as responsible for this role of the articular socket, Tenon's circumbulbar space representing the articular cavity.
This conception is, however, contradictory.
For the Tenon's capsule is not an independent structure of the eyeball but it adheres to the sciera firmly around the root of the optic fasciculus and at the corneo-scleral junction.
Furthermore, there are many delicate fibrous bandlets which traverse the circumbulbar space and attach the Tenon's capsule to the eyeball. Thus the ocular globe cannot rotate in the Tenon's sapsule, at least not in the same way as in an enarthrodial joint.
Rather it may move together with the capsule, even though it does not mean necessarily that the whole of the capsule moves. Fig. 7 shows the area in which the optic fasciculus moves following the displacements of the visual line in the field of fixation. It may suggest that at least the hinder part of the Tenon's capsule cannot provide the eyeball with a stable socket. For it is clear that the ocular rotations necessitate considerable freedom of the optic fasciculus as well as of blood vessels, etc. around the posterior pole of the globe.
Accepting that the Tenon's capsule may move together with the eyeball, some scholars such as Mot ais (1903), Duane (1932) , Adler (1953), etc. seem to have been of the opinion that the ocular globe as well as the capsule rotate on the cushion of fat behind it. This is correct in one sense, as will be mentioned later, but not exactly.
According to the writer's opinion, it is originally difficult to say whether or not the ocular rotations can be truly compared to the enarthrodial movements. For the definition Of enarthrosis itself is not so clear. At least, however, one may say that the rotations of the eyeball resemble very much the movements of the articular head of a ball-and-socket joint. Now that it is so, there must be some mechanism which performs the role of the articular socket for the eyeball, even though it may be not so fixed and stable as a bony one. So, before going further, it must be re-examined what are the general features and functions of the articular socket, especially in the enarthrosis.
The articular socket in the enarthrodial joint is usually responsible for two tasks. The first is to hold the articular head in position and prevent it from dislocations. In other words this is to support and balance all the pressures and pulls added to the articular head both in rest and in action of the joint, and that leaving free only such forces as useful for the rotation of the latter. The second function is to provide a stable and smooth surface on which the articular head can glide and rotate. Of these two functions assigned to the articular socket, the first one is usually performed by the socket in cooperation with such adjacent structures as articular ligaments, tendons, muscles, etc., while the second task is alloted to the socket itself. Now we must examine where and how these two functions take place for the eyeball in the orbital cavity.
(1) In what way is the eyeball supported in position in the orbit?
Loch wood (1885) regarded his suspensory ligament of the eye as responsible for supporting the globe. It is however easy to understand that the orbital walls and almost every fascial structures as well as the orbital fat and extrinsic eye muscles participate more or less in this task. The situation resembles that in the usual enarthrosis, where almost every structures and tissues surrounding the joint work together for holding the articular head in position and prevent it from dislocations. Thus, as the clinical observations show, the eyeball sinks even when only the orbital floor is fractured.
If the mechanism is analysed further by the writer's anatomical observation, the eyeball is kept in position in the following way. In the first !lace, the cingulum bulbi or the bulbar girdle encloses the equatorial portion of the eyeball as the direct supporter of the latter. Then the bulbar girdle is attached firmly to the medial and lateral walls of the orbital cavity by the medial and lateral check ligaments. That is to say, the check ligaments serve to hold the globe indirectly by keeping the bulbar girdle in position. In this way the eyeball is supported in a framework formed by the bulbar girdle and the check ligaments. This framework is fairly stable and keeps the eyeball in posifion even when the latter rotates. For the bulbar girdle allows, as mentioned already in the anatomical sketches and shown also by some experiments in the cadavers, considerable freedom of the globe inside the girdle.
Next and very important component to be considered is the orbital fat behind the eyeball. This tissue must prevent the eyeball from backward displacements, both in rest and in action of the Recti muscles. At least some of the exophthalmus and enophthalmus are regarded to be caused by the increased or decreased forward pressure of this tissue.
The orbital fat must be rather semifluid in the living body. For the ocular rotations necessitate that the optic fasciculus as well as the blood vessels and nerves moves around in the fat behind the globe to a considerable extent. (Refer to Fig. 7) Orbital fat outside the muscular cone, especially around the anterior portion of Tenon's capsule; enforces the stability of the bulbar girdle. The orbital septum, the palpebral ligaments and also the palpebrae themselves may participate in this enforcement. For it is known that the eyeball moves slightly forward, when the eye is opened (Muller-1868-, Tury1-1901-).1) (2) Where is the surface on which the eyeball rotates?
There are three possible surfaces on which the ocular rotations may take place ; 1) inner surface of the bulbar girdle, 2) anterior border 1) Hesse r (1913) divided the pulling force of each extrinsic eye muscle into two component forces directed sagittal and horizontal. Then the eyeball is to be pulled into three directions. Namely the backward pull is performed by the four Recti muscles and the forward pull by the two oblique muscles, while all of these muscles pull the eyeball mediad, too. He thought that the mediad pull might be balanced by the lateral check ligament. According to the present writer's opinion, the backward pull is balanced mainly by the orbital fat behind the globe, while the forward pull is tolerated by the bulbar girdle, being enforced by such tissues as mentioned above.
of the orbital fat behind the globe, and 3) the posterior portion of Tenon's capsule. The last one is however shown to be incompetent for this task. If the writer's conclusion is mentioned first, the most stable surface to support the ocular rotations does not cover the hinder portion of the eyeball but encloses the equatorial as well as somewhat more anterior zone of the globe. (Fig. 8 ) Since this location corresponds with the bulbar girdle, the eyeball must rotate in the latter in the similar way as the articular head of an enarthrosis moving in the articular socket. Physiological and functional-anatomical reasons which lead the writer to this conclusion are as follows. The rotatory movements of the eyeball are regarded physiologically to take place around a so-called center of rotation. Although this center is said to be not an exactly fixed point but rather an everchanging one moving along a curve or in a narrow space (" interaxiilarer Raum " of Her in g-1868), it can be regarded conveniently and practically as almost a fixed point,-at least when the eyeball does not rotate so much from its first position." According to I ku i (1953) and Hagihara (1954) , the position of the center of rotation has been measured by many authors, whose results do not coincide with one another exactly, with slight differences less than 1 mm. Noteworthily, however, it is common for all of those authors that the center of rotation lies a short distance behind the center of the globe which is represented by the middle point of the optic axis. (Fig. 9) The distance between the two centers is approximately 1.3-1.5 mm. The human eyeball measures almost equally in its antero-posterior , transverse, oblique, as well as vertical diameters . For instance it measures about 24 mm. in the Japanese average (0 c h i-1917) .1) When the external form of the eyeball is examined carefully , it is noticed that the posterior half of the globe is almost a geometric hemisphere , of which the center of curvature hits the center of the globe itself . So, if the eyeball rotates on the support of the posterior portion of the 1) Strictly speaking, those diameters are not equal to one another . Furthermore, the human eyeball show usually a slight asymmetry (Wess e ly-1937-) , and it may be responsible for the slight dislocation of the center of rotation to the nasal side .
Tenon's capsule, it must rotate around the center of the globe. This is not the case. If the orbital fat supports the ocular rotations as well as its hinder lining of the Tenon's capsule, the globe must rotat around a point which is slightly in front of the center of globe. For, the posterior portion of Tenon's capsule, which becomes thicker as it approaches the equatorial zone, decreases the convexity of the hinder surface and makes longer the radius of its curvature. This is also not the case. It means that neither the posterior portion of Tenon's capsule nor the orbital fat behind the globe provide a stable surface for the eyeball to rotate.
The anterior half of the eyeball is not a real hemisphere, the cornea being prominent in its center. The scleral portion belonging to the anterior half has, as Fig. 9 shows, less convexity than the posterior half. So the center of curvature of this area lies necessarily behind the center of the globe. Furthermore, if the bulbar insertions of Recti muscles are taken into account, the external outline of this area as well as of the equatorial zone draws a smooth arc and its center of curvature nearly hits the center of rotation. (Fig. 9 ) Needless to say, this portion is supported by the bulbar girdle. So it results that the eyeball possibly rotate and glide on the inner surface of the bulbar girdle, the latter remaining almost motionless and stable. Fig. 10 shows the same thing.' When the eyeball rotates to one side around the center of the globe (A), the outline of the globe moves a little to the opposite side, while, in case it rotates around the center of rotation (B), it shifts to the same side as the visual line. When the recession and protrusion of the muscular insertions are considered, the latter displacement of the eyeball is easy to understand, while the former one is unreasonable. Anterior one-third of the Recti muscles which are enclosed by the fascial sheaths are often remarkably thin, while the posterior twothirds located extrafascially are usually thick. (Fig. 11 ) It may be also convenient for the eyeball to rotate in the bulbar girdle)) From the foregoing descriptions and considerations it may be concluded that the main actors performing the role of articular socket for the ocular rotations are represented by the bulbar girdle, the check ligaments and the orbital fat behind the globe, being supported by 1) The cetacean eyeball has a peculiar shape, of which the hinder surface is quite irregular and uneven, while the equatorial and the anterior sclera' surface shows a smooth convexity. It may tell that the eyeball of this animal also rotates on the support around the equatorial zone of the globe. several subordinate players.
The bulbar girdle and the check ligaments form a framework to hold the eyeball in position in the orbital cavity, and the eyeball is allowed a considerable freedom to rotate in the girdle, the latter providing a fairly stable support to the former.
The orbital fat behind the globe pushes the eyeball forward and prevents it from backward displacements. Probably it is semifluid in the living body, and its hydrodynamic pressure will be useful for this task, allowing the movements of the optic fasciculus, blood vessels and nerves around the posterior pole of the eyeball.
Summary
The ocular rotations are generally regarded as enarthrodial movements. Although it is difficult to say whether or not this comparison is really true, one may say at least that the rotation of the eyeball resembles the movements of articular caput of an enarthrosis. Then there must be some mechanism which plays the part of articular socket to support the ocular rotations.
According to the general conception, the Tenon's capsule is responsible for this task. This conception is, however, very vague and doubtful.
The present writer dissected the fibrous apparatuses in the human orbit and examined them carefully, paying special attention to the problem of the articular socket for the ocular rotations. His observations and considerations from anatomical as well as from functionalanatomical view points lead him to some such conclusive opinion as follows.
The role of the articular socket in question is performed by two main components 1) the framework formed by the bulbar girdle and the check ligaments, and 2) the orbital fat behind the eyeball. (Fig. 8,  B) The former provides the eyeball with a fairly stable, girdle-like support in which the globe rotates, while the latter serves to hold the eyeball in position, by pushing it forward to the bulbar girdle and preventing it froth dislocating backward. 
